Phase 2 Phase 1 (30,5649 m) Phase 2

Phase 2

I:l Granite l:l Sedimentary Rock
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"b Global Design Effort - CFS

Civil Design — Asian Reqgion (2)
Design Change of the ML Tunneling Method

ERDR (TBM) ESB09 (TBM)

s00m
o

ETDR (NATM)

we choose the KAMABOKO-Tunnel in TDR?

‘—:-—;$ - S~ = e
=== > el - — 2= e /
ﬁ ,,,,, ~f1 — ot -— —::”_ E = :_; = S & - = 2 =

—— s e —

Why did

| GO 1
1Sl U
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U Giobal Design Effort - CFS

Civil Design — Asian Region (3)
Cost Comparison of Tunnel Type

Bl Wave Guide Pipe

[ Wave Guide Borehole
Drain
Wall
Base

M Lining

[ Excavation

Unit Cost

NATM NATM TBM
Twin Tunnel KAMABOKO  Twin Tunnel

(w4d.5mx2) (wll.0, h5.5m) (dia.4.5m X 2)
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"b Global Design Effort - CFS

Civil Design — Asian Reqgion (4)

. < NATM-excavation speed is
Excavation Progress by NATM & TBM slower than TBM, but Multiple

Work Zones is possible.

<© Tired Vehicles Haulage

450 @ Tired Vehicles Haulage (small section
<© Rail Haulage (small section)

® 3,000m Excavation

© 5,000m Excavation

350 D O 10,000m Excavation

(C %) ® Routinely Excavation
O

S
o
o
(
o?

Excavation Progress (m/month)
- N DN
a O O
© O O
000 ¢
900 @

§&

100 "—#3—04—.—; L
>3 oo o) INATMNN

&)
o

o

0] 20 40 60 80 100
Cross Section (m)
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"b Global Design Effort - CFS

Civil Design — Asian Reqgion (5) < NATM (KAMABOKO Tunnel)
Grouting (Inflow Water measure) is easy to perform the Inflow

Water countermeasure

Grouting Zone
(1st shift)

Tunnel

e Excavation

Direction

Grouting - \
to the front

Grouting Zone
(2nd shift)
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"b Global Design Effort - CFS

Civil Design — Asian Region (6)
Merit on the Functionality
< Flat floor of the KAMABOKO tunnel

Better space factor
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"b Global Design Effort - CFS
Civil Design — Asian Region (7)

- Distributed Klystron System (DKS) Requires
» an RDR-like Main Linac (ML) Tunnel Design
- with “beam” and “service” tunnels and
<5 km access intervals due to limited 2K-He transfer length.
* ML lengths slightly(%) longer than KCS, by taking into account the
cryo-strings to match the DKS RF distribution system.

LINE OF EXCAVATION 66KV CABLES
1000mm_ 2200mm 6.6kV /200 CABLES Distributed
== COMMUNICATION CABLES Klystron
o ] e TP Scheme
MAIN LINACP : C\( N CHW SUPPLY ’
i i. anl NOX CHW RETURN accelerator cryomodules ]
E H YAX LCW SUPPLY location of
E N e “---’Ul_‘;?-, LCW RETURN upgrade klystron
S - WAVEGUIDE A ?
8| £ I T\ WR770
s @' e |« CONCRETE ' |  mfir 1\
8 T @ “SHIELDWALL: | 74 |i \ ol
= - ) | I e T ]l s
£ PP L R | ..zé. ' ' 10 MW klystron
E || P et |
(=} . b
S ==
— INFLOW-
DRAIN | DRAIN
WATER
DRAIN
3800mm 3500mm 3700mm
BEAM TUNNEL SERVICE TUNNEL
11000mm shield wall
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"b Global Design Effort - CFS

Civil Design — Asian Reqgion (8)

- Site-specific Detector Hall Design for Sloped Access
- Large access tunnel with a slope of <6%
» Cavern design for site-specific detector assembly

DAMPING-RING TUNNEL
/BDS TUNNEL

| i |
o 1l Hl;ﬁi.z?“\\

g

29m

L’B (PLAN)
£ i .
e 51 4 71 o ST E ] 8 [momme ]
2 1 g § Ty 5 ¥ 1D O g8 e . ]
f N i R =] T HEH r i o i 30,000 o — m 25m __
f i i 1 ! 1 = o | 3000 [‘—‘w &)
'ﬁj‘ i -[ ! I BN ! | L1 E‘% L . "“"m:@ .
l T 1] S ¢
15m 11m 20m 20m 11m 1 T
142m (SIDE) (B-B SECTION) d | g
1 IO T
L |
[
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"b Global Design Effort - CFS

Civil Design — Asian Reqgion (9)

‘Access Tunnel
» slope of <10% (ML & DR), <6% (DH)

ROCK BOLTS
(L=3m @1.5m, ¢/c1.5m)

ROCK BOLTS
(L=3m @1.5m, c/c1.5m)

/
| £
SHOTCRETE N
p (t=10cm) 1
—_— _—— E
e T i I | E
- . - . 1
SHOTCRETE | Pl
/f (t=5em) | 1 : i
| . Pl Mg I s
1 1 - {su > SST2E
. b b E AT
PRSI "N i [[RITTUR (ORI
| 'orRAIN L___] ‘ DRAIN
8m 11m |
UNDERGROUND ACCSESS TUNNEL UNDERGROUND ACCSESS TUNNEL
(MAIN LINAG, DAMPING RING) (DETECTOR HALL)
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"b Global Design Effort - CFS

Civil Design — Asian Reqgion (10)

~Access Hall
» He Compressor, Cryogenic Facilities, Electrical Substation, Cooling-
Water System, Plumbing System

w_, -
5]
MAIN-LINAC ACCESS HALL (PLAN) = =g
] ]
E n - o~
i=1 .
™~
A .
| 8 HELIUM ELECTRIC | COOLING-WATER& CRYOGENIC |
m COMPLESSOR FACILITIES | PLUMBING SYSTEM FACILITIES ’_ _
B k |z
ENTRANCE HALL |
L

& HELIUM ELECTRIC COOLING-WATER& CRYOGENIC

- COMPLESSOR  FACILITIES PLUMBING SYSTEM  FACILITIES MAIN LINAC

T | TUNNEL
Tam| || iml=="T Nl a—. 2N

| rl
\a_ml | 180m | [_11_m|

SECTION A-A: ELECTRICAL & MECHANICAL SERVICE HALL

7.5m | [ [

la_ml SECTION B-B: MAIN-LINAC ACCESS TUNNEL & ENTRANCE HALL 41.3m
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| "b Global Design Effort - CFS

Civil Design — Asian Reqgion (11)

Total Volume of Underground Structures:

TUNNEL LENGTHS AND VOLUMES
s N OL. QTY NG "OLTN
AREA SYSTEM LENGTH (m) | VOL.QTY (m3) % LENGTH | % VOLUME Tunnel Length
e- Source (Beam) J6s 17,757 0.9% 0.8% 0.6%
0.9% - 5 B
e Source (Service) 223 4381 0.6% 0.2% 7.8% 42% 4 g0 ie-Source (Seam)
- e- Source (Service)
e+ Source (Beam) 1.678 67,364 4.2% 321% M e+ Source (Beam)
3 Servi
e+ Source (Service) 1523 33381 3.8% L6% &+ Sourcs [Senvice]
.39 Damping Ring
Damping Ring 3,239 120,332 8.2% 58% = mRTML
. a2 3 M Main Linac (Beam/Service)
RTML 3.305 200,237 8.3% 9.6% B0 (Beam]
Main Linac (Beam/Service) 21,423 1.395,754 56.5% 66.7% M BDS (Service]
BDS (Beam) 3.847 184,019 9.7% 2.5%
BDS (Service) 3102 67915 7.8% 12%
TOTAL 39,710 2,091,630 100.0% 100.0% 56.5%
CAVERN SUMMARY AND VOLUMES
AREA SYSTEM QTY VOL.QTY m3)| | % voLunE Cavern/Hall Excavation Volume
e- Source 0 1] 0.0% -\ 4.1% 3 ey M & Source
W =+ Source
e+ Source 0 0 0.0% o
Damping Ring
Damping Ring 4 21151 41% WRTML
RTML 2 15,522 3.0% W Mzin Linac
HWEDS
Main Linac 6 203,687 56.5% -
BDS 0 0 0.0%
R 1 189,381 36.4%
TOTAL 13 519,741 100.0% -
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"b Global Design Effort - CFS

Civil Design — Asian Reqion (12)

Surface Facilities:

Full facilities for green field construction

-Scope and quantities (floors) based on RDR (CERN estimates)
-Some facilities moved to underground

-Site development costs are based on areas

SOURCE AREA QTY AREA (m2) % AREA

e— Source 0 0 0.0%
e+ Source 0 0 0.0%
Damping Ring 0 0 0.0%
RTML 0 0 0.0%
65 22375 24.5%
10 3,650 4.0%

28 65,250 71.5%

TOTAL 103 91,275 100.0%

13 December 2012
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"b Global Design Effort - CFS

Electrical Design — Asian Reqgion (1)

» Power loads for DKS MLs and CFs
- TDR baseline (half beam power operation)

Surface

Klystron
(clustered)

Klystron
distributed

Underground

different

Waveguides
(100 ~ 1200 m)

RF units
cryomodules

RF units
same \_(cryomodules

| | DKs | KCS
Klystron 378 403
. )
Gl 567 ~6% 567
DKS Power Load in MW (TDR baseline - Low Power)
NC Conventional
Area System RF Power| Racks magnets Cryo Nommal Emerg Total
e- sources 1.28 0.09 0.73 0.80 1.47 0.50 4 87
e+ sources 1.39 0.09 4 94 0.59 1.83 0.48 9.32
DR 8.67 2.97 1.45 1.93 0.70 15.72
RTML 476 0.32 1.26 part of ML cryo 1.19 0.87 8.40
Main Linac 22.13 4.66 0.91 32.00 12.10 4 .30 106.10
BDS 1043 0.41 1.34 0.20 12.38
Dumps 0.00 1.21 1.21
IR 1.16 2.65 0.90 0.96 5.67
TOTALS 68.2 5.2 224 379 208 9.2 164
(Americas) 74.2 MW 146 MW 6.4MW 161 MW
13 December 2012 A. Enomoto, Asian Region CFS Design, ILC PAC Review - KEK 13



"b Global Design Effort - CFS

Electrical Design — Asian Reqgion (2)

- Site-specific high-voltage d’v‘stri’but’v‘on
This schematic drawing is for 500 GeV full power (240 MW).

Normal Position NC : NO
S &
X
NO NO
e NC
- 275KV/IBBKV —
7 100MVA ”
(in future) NC
150 ) |
NC NC NC
A 275KV/BBKY 275KV/eBKY 275KV/IBBKY 275KV/BBKY
100MVA 100MVA B 100MVA 100MVA
* *
NC NC
b NO NC \ INC
! ok
NoW NG]NCWNCHNOW NCH r\Jc;W N(H Noﬁ NSNCWNCW NoW NOH NCWJ(NC ’ch N% PJ% Ncw % NO N NcﬁwcW ND
AH2 AH3 AH4 AH5 AHB AHT AH2 AH3 AH4 AHS5 AHG AHT
table:overall electrical load summary
distribution [Power(MVA)| AH1 AH2 AH3 AH4 EH AH5 AH6 AH7 AHS8 TOTAL
A 135.54 22.34 18.31 21.43 16.97 15.85 18.31 22.34 62.08 73.47
TOTAL
B 103.54 15.89 13.98 19.85 11.56 12.40 13.98 15.89 49.72 53.83
30MVA [30MVA [30MVA 30MVA,30MVA 30MVA |30MVA |30MVA
66kV/6.6kV transformer 30MVA [30MVA [30MVA (30MVA) 30MVA [30MVA [30MVA

13 December 2012
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"b Global Design Effort - CFS

Electrical Design — Asian Reqion (3)
 Access-Hall 66/6.6 kV Substations

One line diagram of 66KV substation Normal Position
with generator

NC NC
NO NO
NC NC NO
BEKV/BKV 66K V/BKY
30MVA 30MVA
NC NC NO
NO NO NC

L L Lo

IR 2 SR

VCB space VCB -

For RF
1ACa;:uacitor for conventional load
power factor improvement
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"b Global Design Effort - CFS

Mechanical Design — Asian Reqgion (1)

+ Heat loads for DKS MLs and CF s

DKS Thermal Loads in MW (TDR baseline - Low Power)

load to Conven Cryo

Area System LCW load to Air tional {T:;;?r Total
e- sources 1.40 0.70 1.87 0.80 477
e+ sources 5. 82 0.64 227 0.59 9.32
DR 10.92 0.73 2.69 1.45 1579
RTML 4 16 0.76 2.02 part of ML cryo 6.094
Main Linac 4217 557 16.89 32.00 96.63
BDS 9.20 1.23 1.68 0.41 12 52
Dumps 14.00 1.12 1512
IR 0.40 0.76 1.79 2.65 5.60
TOTALS 88 .1 10 4 30.3 379 167

(Americas) 13.5 MW 154 MW

13 December 2012
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"b Global Design Effort - CFS

Mechanical Design — Asian Region (2)

* Heat loads for DKS MLs and CF s

Heat loads Water [hilled wate Air Chilled Air

Surface

conventional

Tunnel

technical

conventional (electricé

conventional (mecha

.
e
e
o
e
-
-

<35deg C water is provided except hot summer days

13 December 2012
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IIU Global Design Effort - CFS

Air Treatmen’t Design — Asian Region

RDR-like Design for MLs (air flow rate ~0.5 m/s)
Desvgn not done for the central region, roughly cost-estimated .

EXHAUST FAN AIR HANDLING UNIT EXHAUST FAN

el
Lk_)
. o

&

NN

SURFACE

55 kW

EXHAUST FAN @
FOR He QUENCH

55 kW 542 kW

AIR HANDLING UNIT

§

EXHAUST FAN
“ FOR He QUENCH

)

&
Zw
S T ~0.5mis L
PP IIIIIY s s
[ I o I_L.ED ([ | [(C= =3
& L g hid &y

BEAM TUNNEL

EXHAUST FAN

Cl

S
[(om [cA b

& &+ i
SERVICE TUNNEL
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IIU Giobal Design Effort - CFS

Piped Utilities Design — Asian Region
*  Inflow ground water assumed 1 ton/km/min., Utilization of inflow water for cooling

=  Treatment of leakage water from accelerator, Underground access hall utilities
= Design not done for the central region, roughly cost-estimated .

RESERVOIR SAND FILTER
—> —250kwWw _—>  toCOOLING
l IQ TOWER
—>
SURFACE gé 22 kW

BEAM/SERVICE TUNNEL T l LEAKAGE WATER DRAIN (PIPE)

5
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"b Global Design Effort - CFS

Process Cooling Water Design — Asian Region

= Heat loads for DKS-MLs and Site-specific Conventional system
= Design not done for the central region, roughly cost-estimated

COOLING TOWERS 5 MW x (n + 1)

SURFACE
A

15tLooP 42ct

5004

EXPANSION TANK

NET

HEAT EXCHANGERS

5MW x (n + 1) 4000

which can cool heat loads of 128 RF units in +-2.5 km and an AH.

2nd | OOP (Process Water)

—>
| 180 kW £ 32¢
Y
| | HEAT DEIONIZATION FILTER
| _é | EXCHANGERS DEAERATOR
i 388.7 kw 11 kW 31 LOOP (LCW)
—? Te0pwW| < e 200 —
- : i | ) 34C
— CRYO! jg I L]ZF' 1 3 3 5
:WARM: i Tt TRy i
—_ ; 1.5 kW ! ! ! ! : ' !
| g 180kW | COMPR (RFy [RF] [RF} |RF
'-----:—----' \] .__l__, .__l__. L _I_ ! .__l__,
] : LCW SKIDSx31 T o ¥ X
— 180 kW EXPANSION 45C
| TANK
i -
43C
33 U/ /}sTANBY & pPUMPS

—
|Hb‘1u‘lawm‘|wwm‘|awu‘|AL#L‘ .
— @150 kW @150 kW @150 kw @150 kw @150 kW 15 kw
7N
latc This schematic drawing is a typical configuration of full equipped system
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"b Global Design Effort - CFS

Chllled Water Design — Asian Reqgion

Heat loads for DKS-MLs and Site-specific Conventional system
Design not done for the central region, roughly cost-estimated

SURFACE

TURBO
REFRIGERATORS ===l
@ r_fw\_fw\
‘—)-
(L 22k ]

YN

1LOOP  7¢),

EXPANSION TANK

N2

COOLING TOWERS
1.2 MW X (n + 1)

This schematic drawing is a typical configuration

of full equipped system which can cool heat

loads of 128 RF units in +-2.5 km and an AH.

.

T1sc
1.2 MW HEAT 2" | OOP (Process Water)
EXCHANGERS 2006 —
55 kW 8c
T 9—@ HEAT
<- I EXCHANGERS 37 KW 31 LOOP (p Wat
55 kW i 83.5 kW @ . 506 °9 (Process Water)
' —LoL LBk % 9C T X
55 kW 3.7 kW [ T

71 SKIDS Lpgod

f FAN C}AIL UNITS RACK

33

19C

U/ Jstaney & puvp
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"b Global Design Effort - CFS

Safety Equipment Design Design — Asian Region

Evacuation Plan Evacuation Passage " 8

Fire door\ 5% o

- In the case which the fire started in the
service tunnel , we can take refuge in
the Beam-tunnel.

- Evacuationin two directions is attained.

Max. 5.0 km
500m , 500m | 500m |
I
Access Hall Main Tunnel Access Hall
X ’ Max 2. 5km

. X A G ] | R st
F/'re Limit - L

I e R I B R e R RN S B ARG
"'w TR "*w‘ B e L K ) S

>

Serwce Tunnel
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"b Global Design Effort - CFS

Construction Schedule - Asian Reqgion

Access Tunnel ex. — Beam Tunnel excavation ~— BDS Tunnel excavation ) — Survey & supports set-out
Concrete Lining — BDS Service Tunnel excavation  __ Flectrical general services
Cavern ex. Invert & Drainage — Piping & ventilation
Hall ex. — Shield Wall :' Cabling
Supports

= Machine installation

AH-4 AH-3 AH-2 AH-1 [ \ AH+1 AH+2 AH+3 AH+4
| \ \ \ \

/ /

\
\

& " Qi — e &
- _ (11.07km) " under discussion

T Va sC SCRF |CM CMass. |RF RF ass.
material | cavity |parts and test | parts and aging

-

A A\ A A A el
ZNS/ZANS/ZRNE 72 NEANS/ZNS L ol
\/ \\ \/ ; SAIAS L

=)

NN \/

~ ,/\v/\ T /\v/\

\ | 1 5Bk \ /
~—— T~

N
\
~

/T /N

-
o
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"b Global Design Effort - CFS

Asian region CFS Design Summary

- Site investigation is ongoing in two candidate
sites

- Tunnel design was progressed using NATM

- Large cavern designs were made (DH, AH)

- Electrical and mechanical systems were
developed for ML

- Construction schedule and costs were studied

13 December 2012
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